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Abstract 
The aim of the study was to assess what relationship effects match performance measures had 
on countermovement jump (CMJ) and monitoring the recovery status by comparing pre-match 
baseline values to post-match and proceeding three consecutive days. Seven Under 23 
Professional League matches were analysed using 10 Hz Global Positioning Systems (GPS), 
with players performing three countermovement jumps (CMJ) pre-match, post-match and 24, 
48 and 72 hours post-match on two 1,000 Hz portable force platforms, whilst providing 
subjective physical ratings. Jump height decreased from pre-match (0.32 ± 0.05 m) to 24 hours 
post-match (0.27 ± 0.05 m) (P = 0.001; ES = 0.47; CI = 0.04, 0.07 m). Differences found in 
individual leg CMJ performance was peak power of the non-dominant leg decreased from pre-
match (1769.5 ± 668.8 W) to 24 hours post-match (1511.8 ± 729.4 W) (P = 0.043; ES = 0.18; 
CI = 8.8, 506.6 W). The jump height deficit for both legs was lowest at 24 hours post-match, 
having a relationship with match performance variables; metabolic power band one total 
duration and high IMA change of direction left (Adjusted R2 = .18, SEE = 0.37, p < 0.05). The 
results showed the match related movements performed at a low velocity, whilst still at a high-
intensity which reduced CMJ post-match with the greatest difference occurring 24 hours post-
match. Reductions in CMJ suggested muscle fatigue was limiting this, the nature of fatigue 
was not explained fully by match performance variables monitored. Findings suggest other 
measurements of fatigue are required to explain the relationship with match performance. 
Findings help practitioners utilise CMJ height as a marker of fatigue and recovery status, 
consequently prevent injury. 
 
Key Words: Soccer; match performance; stretch-shortening cycle; countermovement jump; 
fatigue.  
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CHAPTER 1 
Introduction 
The stretch-shortening cycle (SSC) is an important component of a professional soccer player’s 
performance. This is required in order to perform repeated intense actions and movements on 
a frequent basis during competitive matches. These fast and intense movements, include 
sprinting, jumping, kicking and turning which all require high power over a short time period 
(Aagaard, 2003). Regularity of matches, can be frequent (2 - 3 matches per week) or irregular 
(7 or more days gap between matches), with a review by Waldron & Highton (2014) suggesting 
pacing strategies are employed by players to manage energy resources to optimise match-
running performance for the given situation. Therefore, planning of the training mesocycles 
between matches where there is little time to prepare and recover is crucial. Players performing 
in matches can reach a level of fatigue that increases over the duration of the match, impacting 
physical performance (Mohr, Krustrup & Bangsbo, 2003). Recovery strategies employed to 
overcome fatigue are crucial in preparation for the next match. Subsequent to the match, 
management of training load has to be monitored closely, preventing players being exposed to 
high load, which impacts the neuromuscular and perceptual recovery (McLean, Coutts, Kelly, 
McGuigan & Cormack, 2010). If a player returns to high-intensity training too soon post-match 
and the appropriate methods of recovery are not adhered to, the player will suffer from 
overreaching and the risk of sustaining an injury is increased (Hagglund, Walden & Ekstrand, 
2013). 
 
Assessment of the activity profile of elite soccer players and the various positional demands 
have been undertaken (Bradley et al., 2009). The physical capabilities of payers playing 
comparing between the competitive divisions of elite soccer (Bradley et al., 2013). Studies 
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have reported high-intensity actions are seen as crucial indictors of performance in matches 
(Andersson, Randers, Heiner-Moller, Krustrup & Mohr 2010; Carling, Le Gall & Dupont, 
2012). High-intensity running is reduced during different periods of a match, with high-
intensity activity being affected by the presence of fatigue (Bradley, Di Mascio, Peart, Olsen 
& Sheldon, 2010). Oliver, Armstrong and Williams (2008) found the effect that soccer-specific 
exercise has on the SSC during jump performance. The study concluded the reduction in jump 
performance was factored by fatigue, which was from intense match-play periods involving 
jumping and sprinting, which are seen as crucial moments specific to soccer. Jakobsen et al. 
(2012) investigated the effects of strength training, recreational soccer and running exercises 
on CMJ. Heavy-resistance strength training on untrained males led a quicker take-off phase 
and greater power production, suggesting the SSC had adapted positively. Whereas, the steady 
state running and recreational soccer demonstrated no effects on CMJ. 
 
The energetics of movement in soccer performance is classed as the energy required above the 
resting level to transport the player’s body over one unit distance (Di Prampero et al, 1993). 
Early studies have been conducted more than 40 years ago (Reilly & Thomas, 1976), with 
studies proceeding using small sample sizes (Rienzi, Drust, Rielly, Carter & Martin, 2000; 
Strudwick & Reilly, 2001). The assessment of competitive soccer match performance through 
video automated tracking systems, was used to measure running distances over different speed 
thresholds (Di Salvo, Gregson, Atkinson, Tordoff & Drust, 2009). Technology advancements 
have allowed global positioning tracking systems (GPS) to provide greater detail on match 
physical performance as well as more reliable and valid measurements (Harley, Lovell, Barnes, 
Portas & Weston, 2011). The GPS provides measurements through the accelerometer and 
gyroscope to calculate movement and accelerations, the energy cost and metabolic power 
values are calculated using an algorithm taken from Osgnach, Poser, Bernardini, Rinaldo and 
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Di Prampero (2010) theoretical model. As this technological advancement has helped to 
analyse performance in greater detail, metabolic load accumulates throughout the whole match 
with intensity fluctuating throughout and the subsequent five minutes following the peak period 
affected all physical variables (Fox, Patterson & Waldron, 2017). Intense actions over a smaller 
distance are also measured through this method, as this still has an impact in fatigue 
accumulation (Osgnach et al., 2010; Hewitt, Cronin, Button & Hume, 2011). 
 
The actions performed in soccer matches are not always symmetrical due to the nature of the 
movements required in soccer performance, the most common skill related action being the 
kicking of the ball. Other aspects of movement such as change of direction, applying more 
force through one side of the body and the overall load will be different for each lower limb 
(Wong, Chamari, Chaouachi, Wisloff & Hong, 2007). Maly, Zahalka, and Mala (2014) suggest 
that the strength and power movements found in a game accumulate in both lower limbs, which 
occurs in an asymmetrical manner. This study found over 50% of players have one lower limb 
strength asymmetry, with muscle strength differing in the knee flexor and extensor muscle 
strength. A link was not made between the cause and amount of fatigue that accumulated in 
each leg to create the asymmetry. Asymmetry has only been researched in isolation, with 
recruitment of soccer players with no causal effect from soccer training or matches. Therefore, 
asymmetry in legs could be affected by the match physical performance and the amount of 
fatigue induced in each leg could have an association with injury risk (Croisner, Ganteaume & 
Ferret, 2005). Studies showing players that participate in soccer have asymmetries in muscle 
strength, but this might be a sports conditioned effect because of the dominant kicking foot, 
therefore, warranting further investigation (Fousekis, Tsepis & Vagenas, 2010; Sannicandro, 
Rosa, De Pascalis & Piccino, 2012). Fousekis, Tsepis and Vagenas (2010) found concentric 
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strength asymmetries was greater at the knee flexor and extensor at 60°/s and ankle plantar 
flexor at 180°/s with the longer the professional training age balances the differences out. 
 
The above studies help explain the rationale for this study as previous literature has primarily 
focused on strength and soccer training effects on jump performance (Oliver et al, 2008; 
Jakobsen et al, 2012), with only one study focusing on youth soccer (Thomas et al, 2009). It is 
evident that there is a research gap to quantify what the effects are from professional 
competitive soccer matches on the post-match recovery of jump performance. It is important 
to investigate the effects that fatigue has on the jump performance on the days following the 
competitive match, to help provide an understanding as to how long the effects of fatigue are 
still impairing jump performance. In addition, it is also important to determine the difference 
of the level of fatigue between the dominant and non-dominant leg, as the intense and repeated 
actions may be determined by the soccer specific kicking actions found more in the dominant 
leg. The findings can help adjust the content of training, based on recovery status of each 
individual player and make more informed decisions in the preparation for the next fixture. 
Therefore, players will be given better recovery which in turn will lower the injury risk in 
individuals. The aims of the study was to measure the extent of the decrease of jump 
performance post-match and what the duration was to recover to baseline values. The study 
used daily measurements to evaluate the differences between both legs individually and 
together, to analyse how long each leg took to return to baseline force values. It was 
hypothesised that the match performance measures that required the most high-intensity actions 
had the greatest effect on jump performance and the dominant leg showed a greater decrease 
in jump performance. 
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CHAPTER 2 
Methods 
Participants and Design 
The participants (Table 1) were all players (n = 16) from the same professional soccer team 
competing in the Professional Under 23 Development League 2. Competitive matches (n = 7) 
were analysed, whilst CMJ performance was assessed pre-match and post-match, along with 
24, 48 and 72 hours post-match measurements of CMJ and subjective ratings. Throughout the 
study period, the same coaches were responsible for team selection. Goalkeepers were 
excluded in this study as well as participants who played less than 75 minutes or participants 
that sustained an injury impairing their jump test performance. These were also excluded from 
the analysis. Participants were requested not to intake any caffeine on days of testing and not 
adopt any different recovery treatments (cold bath, massage, compression garments) 
throughout the post-match data collection period, which may have affected their recovery. The 
St Mary’s University School of Sport, Health and Applied Science Ethics Sub-Committee gave 
ethical approval for the study and written informed consent was obtained from the participants. 
The participants typically undertook four training sessions per week consisting of field-based 
conditioning, technical and tactical training and gym-based resistance training, along with one 
competitive match per week. The weekly training volume typically consists of 240 minutes, 
with GPS measurements of 1,790 player load, 18,100 m total distance and 780 m high-intensity 
distance. 
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Table 1. Participant characteristics represented as the mean and standard deviation for the 
study group (n=16). 
 Participants 
 n = 16 
Age (y) 19.8 ± 3.8 
Stature (cm) 180.7 ± 8.7 
Body mass (kg) 74.0 ± 4.9 
20m sprint (sec) 3.0 ± 0.1 
Arrowhead agility (sec) 16.0 ± 0.9 
YYIRTL2 25.0 ± 3.7 
CMJ (cm) 58.5 ± 6.7 
 
 
Over the January to March period of the season, a total of 52 performances were analysed, 
across seven matches. Mean matches were 3.3 ± 1.8 for each participant. Of the seven matches 
analysed, five were home (n = 36) and two were away (n = 16), with four won (n = 31), one 
draw (n = 7) and two were lost (n = 14). The right (n = 38) and left (n = 14) leg were the 
participants dominant kicking leg. 
 
Movement Analysis 
Movement analysis of match performance was conducted using GPS devices (MinimaxX S4, 
Catapult Innovations, Canberra, Australia) with a 10 Hz sampling frequency. Participants wore 
a GPS vest that was the correct size for comfort and ensuring the GPS device was located in 
the middle of the upper back, tilting slightly forward. The GPS device was switched on 30 
minutes prior to the warm-up, allowing the GPS device to link up with satellites as instructed 
in the manufacturer’s guidelines. The GPS device was inserted into the vest of the participant 
when initiating the warm up. After the match, data was recorded onto the GPS device, the 
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participants raw data file was downloaded and transferred onto a computer to commence 
analysis using the Openfield 1.12.2 software package (Catapult Innovations, Canberra, 
Australia). The GPS units were all synchronised in time with each, ensuring the start and end 
point of each half was the same for every player for accuracy. 
 
The movement variables that were collated and accounted for within the analysis were: the 
total running, high-intensity and sprint distances (m); the maximum velocity (ms-1); low, 
medium and high inertial movement analysis (IMA) accelerations and decelerations; IMA 
changes of direction for both right and left. Metabolic variables consisting of metabolic energy 
(J/kg), peak metabolic power (W/kg) and estimated distance index (EDI). Accelerations total 
distance and duration was assessed using eight zones: -20 - -3, -3 - -2, -2 - -1, -1 - 0, 0 - 1, 1 - 
2, 2 - 3, 3 - 20 ms-1. Metabolic power total distance and duration was also banded into five 
categories: 1 - 10, 10 - 20, 20 - 35, 35 - 55, 55 - 100 W/kg. Measuring accelerations and 
decelerations are important variables to identify the metabolic load on athletes. The 
contribution of energy exerted towards high-intensity actions in soccer is the metabolic power 
to be produced. The GPS analyses movement estimating energy costs the same way as the 
Osgnach et al. (2010) theoretical model. There are two important components to estimating 
energy cost; an inclined terrain and vertical orientation of an athlete is considered similar to 
constant speed up an ‘equivalent slope’, whereas, ‘equivalent mass’ is the additional force to 
overcome acceleration, found when sprinting, exerting greater force than body weight. Energy 
cost is calculated by multiplying equivalent slope with equivalent mass, as well as the grass 
environment constant of 1.29.The positions of players in matches was categorised as: centre 
back (CB), full back (FB), centre midfield (CM), wide midfield (WM) and attacker (A). 
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Countermovement Jump 
CMJ performance was measured over five periods. The initial CMJ test was conducted on the 
day of the competitive match, with players performing the test before the match day warm up 
routine. Players that met the inclusion criteria (playing time and injury), were then required to 
perform the jump test again as the players return to the changing room, straight after the 
conclusion of the match. The participants were then required to perform the test for the next 
three consecutive days, which provided readings for 24, 48 and 72 hours post-match. The daily 
schedules of the participants were controlled due to their professional role. Time was allocated 
for the tests before their usual training sessions. Internal consistency reliability tests showed 
that the jump measurements throughout the study was 0.79 using Cronbach’s alpha reliability 
test, being > 0.7, this shows the CMJ measurements were reliable to be used for statistical 
analysis. 
 
Prior to the CMJ test commencing, players performed a standardised warm-up of 10 minutes 
at 100 W on a cycle ergometer. Players performed three CMJ on two portable force platforms 
(Pasco 2141, Roseville, California, USA) with the best jump recorded and this data being used 
for analysis. The force platforms sampled at 1,000 Hz. Both feet were placed on separate force 
plates for both the take-off and landing. Platforms were marked with kicking and non-kicking 
foot, so analysis could compare their dominant and non-dominant leg used when playing soccer 
in match performance. Players were instructed to jump explosively upwards immediately after 
descending to a self-selected depth keeping hands on the hips throughout the jump duration. 
The data was collected using the force plate software package (version 1.8.0, Pasco Capstone, 
California, USA). 
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For each of the five time points of the study, the participants performed three countermovement 
jumps trials, with the best performance based on jump height was used for analysis. Jump 
height (m) was calculated following:  
 
Jump Height (m) = ut + ½ at*2 
 
The initial velocity (u) = 0, t was half of the flight time (s) as they only jump up for half of that 
time. The force plates produced two vertical force readings relating to the dominant and non-
dominant leg. This allowed to calculate the value for each leg and to obtain a total amount for 
the following variables: the duration of the eccentric and concentric phase (seconds); the peak 
eccentric and concentric force (N); vertical velocity of centre of gravity at take-off (ms-1) and 
peak power (W). 
 
Participants Ratings 
A seven point Likert Scale, adapted and validated by Impellizzeri and Maffiuletti (2007), was 
used to monitor each participant’s quality of sleep, physical fatigue, muscle soreness and 
mental stress on a daily basis over the four day period of testing. The rate of perceived exertion 
of the match was rated on a scale from six (no exertion) to 20 (maximal exertion). The recovery 
from training and matches in preparation for the day’s activity was rated using the total quality 
recovery (TQR) scale, again from six (not recovered at all) to 20 (completely recovered). 
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Statistical Analysis 
Statistical analysis was performed using statistics software package (version 22.0, SPSS Inc, 
Chicago, USA). CMJ was initially analysed by comparing pre-match, post-match, 24, 48 and 
72 hours post-match, expressed as means and standard deviations (SD). An one-way analysis 
of variance (ANOVA) with repeated measures was used to establish whether any subsequent 
post-match CMJ test results for both legs, dominant and non-dominant kicking legs, were 
significantly different from pre-match test results (P > 0.05). A secondary analysis of the jump 
height, peak power of both and independent legs was performed, assessing the CMJ deficit 
from pre-match to 24 hours post-match to the match performance variables, using Pearson’s 
bivariate analysis. The significant variables found from the previous test performed, were 
entered into a step-wise multiple regression model to help explain the variance of the deficit of 
CMJ due to the actions undertaken in match performance. The effect sizes (ES) were measured 
by the calculated differences of the means and divided by the SD (Cohen 1992), whilst 
presented with lower and upper boundary’s associated with the 95% confidence intervals (CI) 
(Cumming & Finch, 2001). ES were classified as: trivial < 0.2, small 0.2 - 0.5, medium 0.5 - 
0.8 and large > 0.8 (Batterham & Hopkins, 2006). 
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CHAPTER 3 
Results 
The jump height decreased from pre-match (0.32 ± 0.05 m) to post-match (0.31 ± 0.03 m) (F 
(1, 51) = 2676.5, P = 0.001; ES = 0.22; CI = 0.01, 0.03 m); to 24 hours post-match (0.27 ± 0.05 
m) (P = 0.001; ES = 0.47; CI = 0.04, 0.07 m) and 48 hours post-match (0.30 ± 0.05 m) (P = 
0.001; ES = 0.22; CI = 0.01, 0.03 m). The flight duration was affected as jump height decreased 
from pre-match (0.51 ± 0.04 s) to post-match (0.50 ± 0.04 s) (F (1, 51) = 10617.8, P = 0.001; ES 
= 0.20; CI = 0.01, 0.02 s); to 24 hours post-match (0.47 ± 0.05 s) (P = 0.001; ES = 0.48; CI = 
0.04, 0.06 s) and 48 hours post-match (0.50 ± 0.04 s) (P = 0.001; ES = 0.33; CI = 0.01, 0.03 s), 
due to the direct interaction with one another.  
 
The comparison of time points, assessed both legs force production for the jumps, found that 
the duration of the eccentric phase was affected from pre-match (0.58 ± 0.32 s) to 72 hours 
post-match (0.45 ± 0.14 s) (F (1, 51) = 667.4, P = 0.015; ES = 0.54; CI = 0.03, 0.23 s), whilst the 
peak eccentric force production also decreased from pre-match (725.8 ± 104.5 N) to post-match 
(688.7 ± 91.4 N) (F (1, 51) = 5812.3, P = 0.023; ES = 0.19; CI = 5.4, 68.7 N) and to 24 hours 
post-match (660.7 ± 95.6 N) (P = 0.001; ES = 0.31; CI = 32.0, 98.1 N). The vertical velocity 
of the centre of gravity at take-off decreased from pre-match (2.46 ± 0.39 ms-1) to 24 hours 
post-match (2.29 ± 0.33 ms-1) (F (1, 51) = 6433.3, P = 0.048; ES = 0.22; CI = 0.03, 0.30 ms
-1) 
and 48 hours post-match (2.36 ± 0.35 ms-1) (P = 0.001; ES = 0.14; CI = 0.01, 0.21 ms-1). The 
peak power produced for the total jump decreased from pre-match (3179.4 ± 526.2 W) to 24 
hours post-match (2974.1 ± 571.4 W) (F (1, 51) = 3391.5, P = 0.021; ES = 0.18; CI = 31.6, 379.0 
W) and 48 hours post-match (3011.4 ± 526.1 W) (P = 0.042; ES = 0.16; CI = 5.9, 330.2 W) 
(Figure 1).
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Figure 1. A one-way ANOVA Bonferroni post-hoc test focusing on CMJ variables, comparing pre-match test and the four proceeding jump 
tests, assessing both legs used in the CMJ, error bars represent 95% confidence interval. * Significant difference with the pre-match CMJ (p < 
0.05). 
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The sleep quality of participants decreased from pre-match (5.3 ± 0.7) to 24 hours post-match 
(4.2 ± 1.2) (F (1, 51) = 2643.4, P = 0.001; ES = 0.50; CI = 0.7, 1.5), to 48 hours post-match (4.6 
± 1.2) (P = 0.001; ES = 0.32; CI = 0.3, 1.0) and to 72 hours post-match (4.8 ± 0.9) (P = 0.001; 
ES = 0.26; CI = 0.1, 0.8). This was the same case for: physical tiredness from pre-match (2.2 
± 0.7) to 24 hours post-match (5.1 ± 1.1) (F (1, 51) = 2871.9, P = 0.001; ES = -0.86; CI = -3.3, -
2.6), to 48 hours post-match (4.3 ± 0.8) (P = 0.001; ES = -0.83; CI = -2.5, -1.9) and to 72 hours 
post-match (3.3 ± 1.1) (P = 0.001; ES = -0.56; CI = -1.5, -0.8); muscle soreness from pre-match 
(2.0 ± 0.6) to post-match (5.3 ± 1.0) (F (1, 51) = 1941.7, P = 0.001; ES = -0.90; CI = -3.6, -3.1), 
to 24 hours post-match (5.0 ± 1.1) (P = 0.001; ES = -0.86; CI = -3.3, -2.6), to 48 hours post-
match (4.1 ± 1.3) (P = 0.001; ES = -0.72; CI = -2.5, -1.7) and to 72 hours post-match (3.3 ± 
1.2) (P = 0.001; ES = -0.56; CI = -1.7, -0.9); mental tiredness from pre-match (1.3 ± 0.5) to 24 
hours post-match (2.5 ± 1.1) (F (1, 51) = 562.3, P = 0.001; ES = -0.54; CI = -1.5, -0.8) and to 48 
hours post-match (1.8 ± 1.0) (P = 0.001; ES = -0.29; CI = -0.7, -0.2) and the TQR rating from 
pre-match (17.2 ± 1.2) to 24 hours post-match (11.3 ± 2.1) (F (1, 51) = 9313.4, P = 0.001; ES = 
0.87; CI = 5.4, 6.6), to 48 hours post-match (13.2 ± 1.6) (P = 0.001; ES = 0.82; CI = 3.5, 4.6) 
and to 72 hours post-match (14.8 ± 1.8) (P = 0.001; ES = 0.62; CI = 1.8, 3.1) (Table 2). 
 
Table 2. Subjective Data 
 Pre-Match Post-Match 
24 Hours 
Post-Match 
48 Hours 
Post-Match 
72 Hours 
Post-Match 
Sleep Quality 5.3 ± 0.7* - 4.2 ± 1.2* 4.6 ± 1.2* 4.8 ± 0.9* 
Physical Tiredness 2.2 ± 0.7* - 5.1 ± 1.1* 4.3 ± 0.8* 3.3 ± 1.1* 
Muscle Soreness 2.0 ± 0.6* 5.3 ± 1.0* 5.0 ± 1.1* 4.1 ± 1.3* 3.3 ± 1.2* 
Mental Tiredness 1.3 ± 0.5* - 2.5 ± 1.1* 1.8 ± 1.0* 1.5 ± 0.8 
TQR Rating 17.2 ± 1.2* - 11.3 ± 2.1* 13.2 ± 1.6* 14.8 ± 1.8* 
RPE - 16.8 ± 1.6 - - - 
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The dominant leg was affected by the duration of the eccentric phase from pre-match (0.61 ± 
0.42 s) to 72 hours post-match (0.46 ± 0.19 s) (F (1, 51) = 347.8, P = 0.024; ES = 0.21; CI = 0.02, 
0.27 s); as well as the duration of concentric phase from pre-match (0.49 ± 0.23 s) to 48 hours 
post-match (0.49 ± 0.19 s) (P = 0.032; ES = -0.02; CI = 0.01, 0.11 s). The eccentric phase peak 
force was affected from pre-match (746.7 ± 167.0 N) to post-match (679.7 ± 171.8 N) (F (1, 51) 
= 2177.4, P = 0.033; ES = 0.19; CI = 5.6, 128.5 N), and to 24 hours post-match (632.7 ± 181.3 
N) (P = 0.001; ES = 0.31; CI = 52.4, 175.6 N); the concentric phase peak force decreased from 
pre-match (903.2 ± 110.3 N) to 72 hours post-match (845.6 ± 180.1 N) (F (1, 51) = 3840.9, P = 
0.026; ES = 0.19; CI = 7.3, 108.0 N). Whereas the non-dominant leg had decreased the vertical 
velocity of centre of gravity at take-off from pre-match (2.8 ± 1.1 ms-1)  to 24 hours post-match 
(2.3 ± 1.0 ms-1) (F (1, 51) = 827.2, P = 0.013; ES = -0.23; CI = 0.1, 0.9 ms
-1); and the peak power 
of the non-dominant leg altered from pre-match (1769.5 ± 668.8 W) to 24 hours post-match 
(1511.8 ± 729.4 W) (F (1, 51) = 751.7, P = 0.043; ES = 0.18; CI = 8.8, 506.6 W) (Figure 2).
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Figure 2. A one-way ANOVA Bonferroni post-hoc test focusing on CMJ variables, comparing pre-match test and the four proceeding jump 
tests, analysing independent legs used in the CMJ with the dominant and non-dominant kicking leg compared individually, error bars represent 
95% confidence interval. * Significant difference with the pre-match CMJ (p < 0.05). 
22 
 
The jump height deficit from pre-match to 24 hours post-match was found to be significantly 
correlated with the match performance variables: IMA change of direction left (P = 0.017); 
Acceleration bands total duration -2 - -1 ms-1, -1 - 0 ms-1, 0 - 1 ms-1, 1 - 2 ms-1 and 2 - 3 ms-1 
(P = 0.044; P = 0.039; P = 0.048; P = 0.034; P = 0.047, respectively); and metabolic band total 
duration 0 -10 (P = 0.009). The peak power deficit comparing both legs and the dominant leg 
to the match performance variables found no significant correlations. Whereas the peak power 
deficit in the non-dominant leg was correlated with the high IMA decelerations (P = 0.032) 
(Figure 3). 
 
The dependant variable was jump height deficit and the two independent variables that 
significantly accounted for some of the variance was metabolic power band 1 total duration 
and high IMA change of direction left (Adjusted R2 = 0.18, SEE = 0.37). These factors help 
explain 18% of the variance by using these match performance variables (Figure 4). The 
equation is shown below: 
 
Jump Height Deficit = 3.277E-5metabolic power band 1 total duration + .003high IMA change of direction left + -.105
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Figure 3. (a) Jump Height, (b) Peak Power (Both Legs), (c) Peak Power (Dominant Leg) and 
(d) Peak Power (Non-Dominant Leg). A Pearson two-tailed bivariate analysis was used to 
find the correlation between the deficit in CMJ performance from pre-match to 24 hours post-
match, with the match performance variables. * Correlation is significant at p < 0.05.   ** 
Correlation is significant at p < 0.01.    
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Figure 4. A step-wise multiple linear regression for predicting the deficit in jump height for pre-match to 24 hours post-match. R2 coefficient for 
approximate of actual data. * Using Metabolic Power Band 1 Total Duration to predict jump height deficit, significance at p < .05 (R2 = .130). * 
Using Metabolic Power Band 1 Total Duration and IMA Change of Direction High Left to predict jump height deficit, significance at p < .05 (R2 
= .209).
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CHAPTER 4 
Discussion 
The aim of this study was to establish the difference in CMJ performance from the baseline 
measure pre-match and subsequent tests that followed post-match. This study found 24 hours 
post-match was the peak period which CMJ was most affected. The study evaluated what the 
difference was between the two legs, highlighting any asymmetries. Aspects of the eccentric 
and concentric duration and force was affected in the dominant leg, however, the non-dominant 
leg peak power was affected. Ultimately, the study tried to identify the cause of the CMJ 
performance deficit in the legs post-match, by establishing any relationships with the match 
performance data. This study only found two relationships between CMJ and match 
performance. 
 
The participants jump height and flight duration dropped post-match (1.8 cm, 0.01 s) and for 
the following two days (5.3 cm, 0.04 s; 2.2 cm, 0.01 s, respectively). The jump height and flight 
duration correlate due to their direct relationship, therefore, as jump height decreased, flight 
duration correlated accordingly. The 24 hour post-match deficit of jump height of 5.3 cm shows 
that the following day after the match is when CMJ is most affected. Strength and conditioning 
(S&C) practitioners provide the first 24 hours post-match for full recovery or active recovery, 
would avoid any training load when players are peak fatigue. Throughout this study, all players 
that participated in the study followed a squad recovery protocol of no training and either a 
light bike cycle with stretching or physio treatment for the first 24 to 48 hour period post-
match. This may have helped the recovery for player’s measurements from the 24 to 48 hour 
CMJ test. Despite this, even 48 hours post-match, players are still jumping 2.2 cm less than 
prior to the match but have recovered almost 50% from the 24 hour post-match measure. 
Russell et al. (2015) suggested that training schedules in the days following a match should be 
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adjusted as more than 48 hours is needed to restore metabolic and performance perturbations 
based on their findings. Russell et al. (2016) highlight the caution of using match activities as 
a part of training when performed > 24 hours post-match. Both studies reinforce the trend found 
in this data, which training load has to be reduced 48 hours post-match, but some form of soccer 
training activity could start to be reintroduced, whilst avoiding any form of high-intensity 
movements.  
 
The subjective data showed that sleep quality, physical tiredness, muscle soreness, mental 
tiredness and the recovery were all affected post-match and all aspects were affected for the 
following three days in their perception with mental tiredness returning to baseline after 48 
hours post-match. This data follows the same trend as the CMJ measurements for the first two 
days post-match, with the participants reporting significant ratings, still feeling below the 
baseline 72 hours post-match where CMJ has returned to normal values for all the variables 
except the duration of the eccentric phase (0.13 s). The interesting measurement was the 72 
hours post-match. As the data suggest physical measures from the CMJ were still affected by 
the match performance with fatigue and muscle damage present up to the 48 hour post-match 
test. The 72 hour post-match ratings provided by the players may have more of a psychological 
impact. Players would tend to be returning to full training on the third day following a match, 
with players anticipating this and expecting a greater load to be placed upon their body again, 
the score may have been a protective barrier where they may felt the information could be 
passed to the coach or the readiness to exert a high percentage of effort could be based more 
on their mood state rather than a physical state. 
 
Analysing the same period of the jump using both legs, the eccentric phase peak force 
decreased for both post-match (37.1 N) and 24 hours post-match (65.1 N). The eccentric phase 
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duration had not altered, therefore, showing the CMJ is performed very similar to pre-match 
but is exerting less force during the downward phase of the jump. Whereas the upward phase 
of the CMJ focusing on the vertical velocity of centre of gravity at take-off decreased for both 
24 and 48 hours post-match (0.17 and 0.10 ms-1, respectively). This maybe a result of the 
reduced downward force, of which Newton’s second law could explain that the opposite force 
was directionally proportional with the vertical velocity being less compared to the pre-match 
measurement. Players affected by fatigue may inhibit the peak power during the eccentric 
phase. Muscles are required to eccentrically contract for the initiation of the jump, the amount 
of energy stored within the muscle depends on the velocity and magnitude of the shortening of 
the muscle. When bending the knees, a force is applied into the surface, however, it is the 
combination of all factors when applying the force that will have the interaction with the 
surface to produce the CMJ. Stiffness of joints, as well as angular displacements at the knee 
and ankle, will all impact the force produced during the eccentric phase. Despite energy stores 
reduced within the muscle, the CMJ can be influenced by the kinematics of the jump found 
with fatigue, resulting in different muscles or joint movement being compensated, increasing 
injury risk. Therefore, as a result, the peak power of jump was decreased over the same two 
days post-match period (205.3 and 168.0 W, respectively). The interaction between all the CMJ 
variables help to explain why the jump height was impacted for 24 and 48 hours post-match. 
Newton’s second law is evident within these values showing that the lowered force following 
the match in the eccentric phase had a direct impact on the vertical velocity, peak power and 
overall jump height. 
 
The analysis found differences between legs found the dominant leg had a decrease in 
concentric phase duration after 48 hours post-match (0.01 s) and the peak eccentric force for 
both post-match (67.0 N) and 24 hours post-match (114.0 N). Whilst the non-dominant leg had 
a slower vertical velocity of centre of gravity at take-off at 24 hours post-match (0.5 ms-1) with 
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peak power also dropping off at the same time point (257. W). These results could suggest that 
the dominant leg may have been more fatigued by producing less force and being slower in the 
CMJ movement, suggesting the non-dominant leg is trying to compensate for it. The reduced 
peak power in the non-dominant leg would still suggest that this leg is still fatigued by 
producing significantly less power 24 hours post-match. The peak power reduction at 24 hours 
for the dominant leg was not affected in performance as seen in the non-dominant leg. The 
causal effect of the fatigue to still be present in the non-dominant side, may be due to the 
increase load and stress placed through this limb to compensate for the dominant leg to perform 
a sport related skill. Therefore, the impact this has on the asymmetry found between legs would 
highlight the increased injury risk of the non-dominant kicking leg. 
 
The most common period where the significant decrease in CMJ for both and single legs in 
isolation was 24 hours post-match. Analysis then focused on the jump height (5.4cm) and peak 
power deficit for both legs (205.3 W), as well as the dominant (-53.5 W) and non-dominant leg 
(5.5 W). Finding the association of match performance variables that factor both jump height 
and peak power causing the deficit 24 hours post-match would help provide a deeper 
understanding. Jump height deficit was linked with MET power total duration band 1, high 
IMA change of direction left, acceleration total duration band 3, 4, 5, 6 and 7. Peak power 
deficit for both legs and dominant leg had no significant relationship with the match 
performance variables. The non-dominant leg peak power was affected by high IMA 
decelerations. The jump height deficit has shown to be the most affected by the match 
performance variables. The multiple regression helped provide an insight as to which factors 
had the most impact on the jump height deficit, with seven match variables having a 
relationship. The two variables that had a significant impact were the MET power total duration 
band 1 and high IMA change of direction left, which accounted for 17.9% of the variance of 
jump height deficit. All the match performance measures that had a significant relationship 
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with CMJ decrease are movements performed at a low velocity whilst still requiring a high 
intensity action, being classed as IMA accelerations, decelerations and MET power. 
 
MET power is comprised of energy cost and velocities derived from the GPS to provide a 
power output measure. Banding of MET power provides information about the time, number 
of efforts and average power throughout the duration of a match. Most efforts are banded one 
or two, due to the nature constant pace running, with intense events registering in the higher 
bands. Whilst the lower bands are less intense movements, these actions are still demanding 
on the players and due to the volume accumulated in these bands, the findings from this study 
shows this has a greater impact on CMJ. As hypothesised it would be the intense actions in the 
higher bands that would impact CMJ, in fact, it shows the low velocity, high powered actions 
have greater detriment on CMJ. The relationships with acceleration bands three to eight could 
be the velocity ranges at which MET power is affected, again due to the lower velocity nature 
of the demanding acceleration movement. Accelerations come under ‘equivalent mass’, which 
is part of the calculation of energy cost, with energy cost one of the inputs of the equation to 
calculate MET power. 
 
Focusing on the match performance measures that correlated with CMJ, the total duration of 
the accelerations falling between bands three to seven were accelerations performed at speeds 
ranging from -2 to 3 ms-1. These acceleration bands are classed as slower velocity accelerations 
and decelerations, however they are still are still intense actions performed by the players. The 
MET power band one total duration is the power accumulated between 0 - 10 W/kg. The 
majority of the metabolic power accumulated in band one is through constant pace running and 
medium accelerations events that are sometimes registered within this band too. IMA data 
collected from the GPS allows to determine the nature of the intensity of movement. Therefore, 
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the two variables, high IMA change of direction left and high IMA deceleration, both had a 
relationship with match performance. To classify a movement as a high change of direction, 
this means a high-intensity deceleration has to be then followed by a high-intensity acceleration 
immediately in a different plane, with this case being to the left. Whereas a high IMA 
deceleration is a movement classed as ≤ 3.5 ms-1, which is the same speed threshold for a high 
IMA change of direction. The common nature of these movements are that they are high-
intensity actions that are performed at a low velocity, but this still only accounts for 18% of the 
CMJ decrease. 
 
The aim of the initiation of an acceleration is to apply maximal horizontal force, in the shortest 
time possible. The force-velocity relationship curve helps explain where acceleration requires 
high force in a short space of time, but performed when velocity is low. The hip extensors, 
especially the hamstrings, are important contributors for sprint acceleration performance 
through horizontal ground reaction force production. When decelerating a lateral pivoting 
occurs at the knee, as well as the load being transferred through the hip and ankle. High injury 
rates have occurred during the deceleration phase, this is due to the load transferred through 
the knee with incorrect alignment. 
 
Due to the analysis comparing jump and match performance only accounting for 18% of the 
direct relationship for 24 hour post-match drop off, there may be more underlying complex 
reasons that factor the decrease following the soccer performance that are not easily explained 
by the GPS measures. The first reason may be due to muscle damage sustained within the 
match. Creatine kinase and myoglobin are reliable markers for muscle damage (Ascensao et 
al, 2008), which is increased when rapid accelerations and decelerations are performed. The 
frequency of accelerations and decelerations in a soccer match, with special attention to the 
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landing phase when decelerating, eccentric activation of the hamstrings allow hip flexion and 
knee extension to slow down. It is the eccentric activation of the hamstring that causes high 
tension over the cross-section of the muscle mass, creating structural damage to the muscle 
fibres found with the z-lines being streamed within the sarcomere. These physical changes 
reduce force capabilities (Thorpe & Sunderland, 2012) and increase creatine kinase 
(Brancaccio, Maffulli & Limongelli, 2007). Ispirlidis et al. (2008) found that delayed onset 
muscle soreness (DOMS) caused by soccer match performance peaked 24 hours post-match 
and creatine kinase peak levels at 48 hours post-match. With DOMS and creatine kinase peak 
levels present during the 24 and 48 hour post-match period could explain why a lot of the 
significant CMJ measurements were affected during the same period. 
 
The fatigue in muscles following a match have been found to affect the power and coordination 
of both agonist and antagonist muscle groups. The peak eccentric force phase of a CMJ was 
shown to be affected with post-match measures, therefore, future research should investigate 
this initiation phase of the CMJ in greater detail. An interesting point to investigate further 
would be the differences between the CMJ and drop jump in a similar setting. The ability to 
perform a CMJ requires SSC characteristics of the muscle groups along with coordination of 
joint movements, increasing the potential capabilities. Analysing the drop jump would assess 
the performance of more proprioceptive functions required of the SSC to produce the muscle 
activity, including muscle spindles, Golgi-tendon organ and joint receptors, as well as joint and 
leg stiffness. A drop jump requires propulsion off the ground to counteract the downward force. 
In comparison the CMJ can sometimes be benefited by more efficient technique, whereas the 
drop jump relies on the capability of the muscles to perform the jump.  Another limitation of 
the study was the technique or screening of the jump was not analysed or controlled. Joint 
angles or displacements in movements to generate the force, could be at the detriment of the 
movement. The kinematics have not been assessed as a result, with all analysis of the 
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movement investigating the kinetics of the CMJ.  An uncontrollable variable that may have 
impacted the recovery of players, would be the training sessions players undertook in the period 
post-match. The amount of load effort and intensity was not accounted for in the study, which 
could be the reason why players took longer to return to baseline and dependent on the content 
this could be different from match to match. 
 
In conclusion, the study has found that match performance impacts the ability to reproduce the 
same CMJ 24 hours post-match, and this is due to the consistent nature of the low velocity 
intense movements performed in the competitive match. The low metabolic measures of match 
performance have found that fatigue impacts CMJ, however movement variables measured in 
matches do not have a full direct relationship with fatigue development. Such findings might 
help practitioners utilise jump height as a measurement and marker of fatigue, to adjust 
individuals training load and in turn prevent injury. A limitation of this study could be that the 
number of matches did not reflect the true variation found within a season, and this could be 
investigated by repeating the study over a longer duration. Another area of consideration is that 
the CMJ may not have reflected the same nature of the force development rate required to 
compare the intense actions performed. As mentioned above, a drop jump may have a closer 
relationship in terms of the kinetic and kinematic requirements which again would be a 
suggestion for to further build on this study.  
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